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This paper shows how heterogeneity in trade costs and heterogeneity in productivities 
work together to determine  features of the  international trade  pattern. This is 
demonstrated in a general equilibrium macroeconomic model, where  a convenient 
methodology is developed for allowing the status of a good as traded or nontraded to be 
determined endogenously.  While the two sources of heterogeneity are found to be 
interchangeable in determining the relative tradability of goods, they have very different 
implications for relative prices, such as the real exchange rate. The interaction of these 
two factors is found to be important for understanding the Balassa-Samuelson effect, in 
which richer countries tend to have more appreciated real exchange rates. This effect will 
tend to be stronger the more negatively related are trade costs and productivity 
distributions. Further, the magnitude of the Balassa-Samuelson effect is  found in 
simulations to double when one allows the  distinction between traded and nontraded 
goods to evolve endogenously in response to heterogeneous productivity shocks. 
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1. Introduction 
 
  This paper shows how heterogeneity in trade costs may work together with heterogeneity 
in productivities across goods to jointly determine features of the pattern of international trade.  It 
then goes on to show that the macroeconomic implications of technology shocks change, once 
one views the trade pattern as endogenous. 
     Open economy macroeconomics has made significant advances in the last decade, 
particularly in terms of grounding models of the macroeconomy in microeconomic foundations. 
However, it has tended to take as exogenously given important aspects of the pattern of 
international trade. In particular, many open economy macro model s rely on the fact that some 
goods produced domestically are not traded internationally; this dichotomy between traded and 
nontraded goods has been foundational to several key results in open economy macroeconomics. 
Yet the demarcation between traded and nontraded sectors of the economy in these models is 
typically taken as given, with nontradedness assumed to be an inherent feature of some goods. 
  A prominent example is the theory of Balassa (1964) and Samuelson (1964), which aims 
to explain the long-run behavior of the real exchange rate. In particular, it offers an explanation 
for why rich countries tend to have appreciated real exchange rates. Their explanation lies in 
supposing that technology improvements disproportionately affect the tradable goods sector. Our 
analysis suggests that technology developments themselves may well alter the trade pattern on 
which the Balassa-Samuelson theorem depends.  
  Unlike open economy macro, trade theory has long studied the endogenous development 
of trade patterns. Beginning with Dornbusch, Fisher, and Samuelson (1977), there has been an 
interest in seeing how the goods along a continuum that are exported or imported are determined 
endogenously, with a range of goods possibly remaining untraded due to trade costs. Recent work 
has proposed clever ways of parameterizing the firm heterogeneity that is necessary for an 
equilibrium trade pattern.  But in all this work, goods are ranked by their productivities, while the 
magnitude of trade costs is assumed to be uniform across goods. Those goods with the greatest 
comparative advantage in one country or the other are traded, while those goods with small gains 
from trading relative to the uniform trade costs remain nontraded.    2 
However, since some goods are much more difficult to trade than others, the identity of a 
good as traded or nontraded is likely to be determined by heterogeneity in trade costs as well as 
by comparative advantage based on productivity.  For example, the reason that many types of 
services are nontraded is not because countries are so similar in their productivities in these 
sectors; rather, they remain nontraded primarily because such services are particularly difficult to 
trade over long distances. 
Empirical work by Hummels (1999, 2001) has emphasized that trade costs  -- including 
tariff and nontariff barriers, shipping costs, and other associated costs of marketing and 
distribution  -- vary greatly across classes of goods and play an important role in trade decisions.   
Collecting detailed trade data for individual goods, he finds that freight costs alone can range 
from more than 30 percent of value for raw materials and mineral fuels down to 4 percent for 
some manufactures.  Depending on factors such as weight, distance, and the time sensitivity of 
demand, trade costs can be high and variable for many manufactured goods as well.  Hummels 
(2001) documents that in 1998 a substantial proportion of U.S. trade was airshipped with air-
freight costs typically amounting to 25 percent of transported good value in some cases.
1 In a 
broad survey of trade cost evidence, Van Wincoop and Anderson (2003) likewise reach the 
conclusion that trade costs are very large and very heterogeneous among goods. 
Empirical work has also found support for the idea that some goods do switch over time 
between status as traded and nontraded.  Using a panel of U.S. manufacturing plants from 1987 to 
1997, Bernard and Jensen (2001) find that year to year transition rates are noteworthy: on average 
13.9% of non-exporters begin to export in any given year during the sample, and 12.6% of 
exporters stop. It should be noted that the results of this paper in no way rely upon implausibly 
large numbers of firms switching between traded and nontraded status, but rather upon the simple 
fact that firms have the ability to make such a switch.   
  This paper develops a macroeconomic model to study how heterogeneity in both 
productivity and trade costs interact to determine which goods are traded. The model includes 
                                                                 
1 Even these measured trade cost margins may be severely biased downwards. Average transportation cost 
measures that weight costs of individual goods by the value of observed trade flows underestimate costs to 
the extent that goods with higher costs are traded less. Second, if vertical production arrangements imply 
transshipment of raw materials and intermediate goods, the cumulative transportation costs can be much 
higher than those on the exports of the final product alone.   3 
two countries, each of which produces a distinct continuum of varieties. These goods are 
heterogeneous in terms of the technology in their respective production functions and the iceberg 
costs they incur in international trade. We posit convenient distributions for technology and for 
iceberg costs, which permit us to aggregate over the heterogeneous goods, and evaluate aggregate 
prices and quantities in this macroeconomy. Firms are assumed to be monopolistically 
competitive. The only factor of production is labor, with no physical capital. The model 
environment is limited to balanced trade in goods, with no trade in assets. 
  What distinguishes the model from standard open economy macro models is that it views 
traded and nontradeds not as separate types of goods, but instead as two regions along a single 
continuum of goods, where the dividing point along this continuum is determined endogenously. 
While many recent open economy macro models are built upon a continuum of goods, these have 
assumed all goods within a group are identical. This model takes heterogeneity seriously, and by 
finding a simple way of dealing with it, permits us to examine how classic results in the field 
change when one alters the degree of heterogeneity and the underlying distinction between 
tradeds and nontradeds. Operationally, this is made possible by specifying a convenient 
distribution of the heterogeneous factors which is easy to aggregate over, and by taking the share 
of nontraded goods as an endogenous variable rather than as a fixed parameter. An equilibrium 
condition is derived for this new variable, which describes whether a firm will generate extra 
profits by selling its good abroad, after accounting for iceberg and fixed costs of trade.   
  This simple framework is sufficient to shed useful light on the interactions between 
productivity and trade costs in determining which goods are traded.  Because both affect the 
marginal costs of goods sold abroad, they enter the decision of whether to export in an identical 
manner; it is the net effect of the two that determines the traded status of that good. A good that is 
especially costly to trade may be traded nonetheless, if the productivity of that good relative to 
other potentially tradable goods is sufficiently high to compensate for the extra trade cost. 
Conversely, even if a good has a high level of productivity, if it has very large trade costs, it may 
not be traded, while goods with lower productivity may be traded, due to lower trade costs. A rise 
in the heterogeneity between goods in either of these two dimensions will tend to raise the share 
of nontraded goods in an economy. This is because the marginal exporter compares his 
productivity net of transport costs to that of the average of other exporters, as this determines the   4 
relative price and level of demand for his export in the foreign market. A rise in heterogeneity 
along the continuum of goods will increase the average level among exporters relative to that of 
the marginal exporter, causing the marginal firm to exit the export market.  
However, these two dimensions of heterogeneity are not identical in all respects, as trade 
costs affect prices differently in foreign compared to domestic markets.  So unlike productivity 
heterogeneity which affects pricing in domestic and foreign markets equally under standard 
monopolistic competition price setting, only trade costs can create the type of heterogeneous 
pricing to market and the deviations from the law of one price that we observe in data.  Further, 
because trade costs and productivity affect relative prices differently, these two sources of 
heterogeneity are found to have extremely different implications for real exchange rate behavior 
and the Balassa-Samuelson theorem.   This result differs from the marginal export decision 
underlying a good’s tradedness, because the real exchange rate depends on the relative 
productivity of exports net of transport costs compared to the relative productivity of all goods 
sold at home, where the latter is not affected by transport costs. Consequently, while a rise in 
heterogeneity in terms of productivities will tend to generate a real exchange rate appreciation, 
greater heterogeneity in trade costs will imply counteracting effects on the real exchange rate.  
   Our framework also provides a generalized version of the Balassa-Samuelson theorem 
with several interesting implications.  Since the productivities of individual goods differ along a 
continuum goods, the distribution of technology improvements must be sufficiently biased toward 
goods with low trade costs for the real exchange rate to appreciate. So the Balassa-Samuelson 
theorem becomes a matter of degree, and our model makes clear what determines this threshold 
value. Second, the magnitude of the Balassa-Samuelson effect in our model depends upon the 
degree of heterogeneity in trade costs – if one changes the degree of the underlying distinction 
between traded and nontraded goods, then a given productivity increase will have different effects 
on the real exchange rate.  Thirdly, the model shows that allowing the trade pattern to evolve 
endogenously in response to productivity shocks alters the nature of Balassa-Samuelson effects. 
For example, allowing the share of nontraded goods to rise endogenously in response to a biased 
productivity gain tends to double the size of the effect on the real exchange rate. Finally, our 
model suggests that the degree of Balassa-Samuelson effects can wax and wane over time, as the   5 
two factors determining the trade pattern – productivity and trade cost heterogeneity – compete 
against each other and as one grows over time to dominate the other. 
  Our analysis is related to several other recent papers in the literature. Obstfeld and Rogoff 
(2000) demonstrated that introducing trade costs into simple macro models can have dramatic 
implications for understanding a range of open economy issues, Betts and Kehoe (2001a,b) 
developed a full-scale macro model with trade costs. This model differs from ours in that it does 
not have a range of goods that are fully nontraded. Ghironi and Melitz (2003) develop a macro 
model in which goods can switch between traded and nontraded; further their model allows for 
entry and exit from production, which our model does not permit. But another difference is that 
their model allows heterogeneity only in the dimension of productivities, whereas our focus is on 
the role of heterogeneity in trade costs and how this interacts with productivity differences. 
 
2. Model 
Consider a model of two countries, Home and Foreign, in which each country completely 
specializes in production of a distinct differentiated good. In each country there is a separate 
continuum of firms each producing a different variety of the local differentiated good, denoted by 
H and F, respectively. All goods produced in each country have the potential to be exported, but 
some endogenously determined fraction will be nontraded in equilibrium. Quantities and 
prevailing prices for the H or F goods consumed in the foreign country are denoted by *.  In the 
following we specify the model equations for the Home country; the counterpart equations for the 
foreign country are for the most part relegated to an appendix.  
 
Consumption 
* , CCis the level of aggregate consumption by home and foreign agents, respectively, 
defined as a CES aggregate of consumption of each country’s own goods  ( H C in the home 
country,
*
F C  in the foreign country) and imports of the other country’s traded (export) goods 
(
* , FTHT CC ):     6 
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where g  is the elasticity of substitution between domestic and foreign goods and  q is an own-
goods bias coefficient.  
The continuum of goods produced in each country is indexed by  i on the interval  [ ] 0,1 .
2 
Let n  and  * n  denote the (endogenous) share of these in each country that are nontraded, where 
goods are ordered such that [ ] 0, n and[ ] * 0,n are nontraded and [ ] ,1 n and[ ] *,1 n are traded. 
Accordingly, home country consumption of its own-produced good ( H C ) is defined as a CES 
index of nontraded ( HN C ) and traded ( HT C ) home goods:  
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Lower case c is used to denote consumption of individual varieties i of each differentiated good 
and f  is the elasticity of substitution between varieties.
3  Analogously, the consumption indices 
of the foreign good imported by home residents  FT C  is defined as  
( )
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2 Note that, although each country produces a distinct set of goods, in our notation we use the same index i 
to order goods along each continuum. We assume that the mass of firms is the same (1) in each country and 
do not allow entry of new firms into production, as in Ghironi and Melitz (2003) Relaxing these 
assumptions are possible extensions in future research.  
3 That is,  ( ) // HiHjHiHj cpp c
f -
= for any two goods i and j.   7 
Foreign country consumption of its own-produced good 
*
F C , nontraded (
*
FN C ) and traded (
*
FT C ) 
foreign goods, and consumption of the traded home good that is imported by foreign residents 
(
*
HT C ) are defined analogously (see the appendix).  Note that the elasticity of substitution is 
assumed constant across countries.  
 
Prices and relative demands 
Price indexes are defined as usual for each category of goods, in correspondence to the 
consumption indexes above.  For the Home country, the aggregate price level  P  is an index of 
the prices of home goods  H P  and of imported foreign goods  FT P      
( ) ( ) ( )
1
1 1 1 (1) HFT PPP
g g g qq
- - - ”+-   (5) 
where the home goods price is in turn an index of the prices of  nontraded home goods 
HN P  and of nontraded home goods  HT P    
( ) ( )
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The consumption and price indices imply the following relative demand functions for 
domestic residents over aggregate home and foreign-produced output:
4 








=-       (9) 
and over nontraded and traded home goods output 
                                                                 
4 Also note that the CES specification implies for individual goods variety i :  ( ) // HiHHiH cCpP
f -
=  




==-  in the home country.   8 
( ) // HNHHNH CCnPP
f -
= ,  ( )( ) /1/ HTHHTH CCnPP
f -
=-       (10) 
 
Production, productivity, and transport costs 
The production sector in each country consists of constant-returns-to-scale technologies 
for the output of each differentiated good. For the Home country: 
  HiiHi yAl =                    (11) 
where  Hi y  represent the level of output, 
Hi l denote workers employed in production, and  i A  are 
productivity coefficients for each individual good i.  We employ the usual assumption that labor 
is mobile across sectors within each economy, but immobile across countries. 
Profit maximization under monopolistic competition implies pricing is determined by the 
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where  i t  is the fraction of each good i lost during shipment and it is assumed that foreign 
residents fully absorb the cost of shipping.
5 Thus for each traded good the domestic and foreign 










Note that, in the absence of transport costs, sales prices are equalized across markets for each 
good i, i.e. 
** , HiHiFiFi pppp == . 
We assume that transport cost differences across goods are monotonically declining in i, 
as specified by the following functional forms: 
                                                                 
5 For example, if  0.5 i t = , then 50% of  good i is lost in shipment and the firm doubles the price of the 
good that reaches the foreign market.   9 
  ( ) 11,10;,0 i i
t b
ttt talalb -=+>>>           (14) 
The parameter  t a  controls the level of the distribution, while l and  t b  control the rate 
at which transport costs fall with i.  An increase in  t a  represents a balanced increase in transport 
costs that affects all goods equally. An increase in l  biases transport cost declines towards goods 
with higher i indices. A higher  t b  increases the rate at which costs fall  for a given percent 
change in the index.  The restriction  1 t a >  ensures that in the absence of trade cost heterogeneity, 
i.e.  0 t b = , there are still positive iceberg costs for all goods, i.e.  10 i t ta =->  for all  i. 
We assume that the variation of productivity across firms follows the same functional 
form: 




alal =+>             (15) 
Changes in  A a ,l ,  A b  have effects on the distribution of productivity similar to their analogues 
for transport costs.  Higher  A a   represents a balanced productivity improvement that affects all 
goods equally. An increase in l  biases productivity increases towards goods with higher i 
indices. The magnitude of  A b  affects the curvature of the productivity distribution and hence the 
degree of heterogeneity across goods. A higher  A b  increases  the rate at which productivity 
changes for a given percent change in the index. The sign of  A b  affects the ordering of 
productivity differences.  In the discussion below we generally assume that productivity is 
ordered in the same way as transport cost, i.e.  0 t b >  and  0 A b >  and hence transport costs fall 
and productivity rises with i. However, where appropriate we consider the case where they are 
ordered in opposite directions, i.e.  0 t b >  and  0 A b <  and productivity declines with i. 
Our specification of the distribution of productivity levels implies the average (weighted) 
productivity level at home  A %  (the analogue for the foreign country is denoted 
* A % )  can be defined 
as
6   
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An increase in  A a  or  A w  raises the economy-wide average productivity.
7  Note, however, that   
A %  is independent of n  and hence do not depend on the nontraded vs. traded goods composition 
of the economy.  
Given the cutoff between nontraded and traded goods at index  n , it is straightforward to 
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where  1(1)1 AA wbf ”-->  if   0 A b ‡   since   1 f > .  Analogously substituting into (7) gives the 
price index of traded home goods: 
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Equations (17) and (18) express the prices of nontraded and traded goods as functions of the share 
of nontraded goods n, the elasticity of substitution across  goods f , the wage rate W, and the 
                                                                                                                                                                                                 
6 As pointed out by Melitz (2003), weighting by the elasticity parameterf , makes the weights proportional 
to the relative output shares of firms. 
7 Formally,  
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   11 
productivity parameters,  A a ,  A b , and  l . Keep in mind that n  is itself an endogenous variable 
that will be solved as part of the general equilibrium system.
8 
Defining the average level of productivity in production of the nontraded and traded 
home goods (where the notation indicates that each is an implicit function of the endogenous n, as 
well as the other parameter arguments  A a ,  A w )
9: 
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Taking first derivatives of  (20) establishes the property that, if productivity rises with the index i 
( 0 A b >  ) and hence 1 A w > ,  /0 T An ¶¶>, i.e. average productivity rises in the traded sector with 
increasing n.
10  Intuitively, as the share of nontraded goods in the economy rises, goods at the 
low productivity end of the traded goods sector become nontraded, and the average level of 
productivity of all remaining traded goods rises.  These effects are reversed if  1 A w < ; i.e. an 
increase in n then is associated with lower average productivity in the traded goods sector. 
With (19) and (20), we may rewrite (17) and (18) as (where the dependence on the 
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8 Note that (17) is well-defined and positive for  0 A w <  as well as for 0 A w >  since the numerator and 
denominator always have the same sign; the same is true for all productivity and price aggregates defined 
elsewhere in our analysis.  
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In this form we see that prices are markups of the average marginal cost -- wage over average 
productivity --  in each sector.  
Substituting for  , HNHT PP  with (21) and (22), respectively, in expression (6) gives 
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Thus the aggregate price of home goods depends on wages W  and average aggregate 
productivity  A % . Since  A % is independent of trade costs and n, these variables affect  H P  only 
through their effects on the average wage level in the economy. 
The foreign price (to Foreign residents) of the home good exported abroad is  
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where  ( ) 1(1) A t wbbf ”-+- .
  We define the “effective” productivity of home good exports as 
[ ] ( ) 1 Xii AiA t =- ,  i.e. productivity adjusted by the transport costs of goods exported abroad, 
since higher t  effectively lowers the productivity of these goods relative to the same goods sold 
domestically. Note that   0 A t bb +>  implies  [ ] 0 X Ai ¢ > , i.e. effective productivity of export 
goods rises with higher i.  However, for 0 t b > , if productivity  declines  with i ( 0 A b < ) 
sufficiently to make  0 A t bb + < , effective productivity may decline.  
The average effective productivity of home good exports  X A %  is defined by    
( ) ( ) ( ) ( ) ( )
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as  1 A w > < .    13 
As with the case of T A % , the effect of  n on  X A % depends on whether or not the parameter  1 w > ,  
which in turn depends on the transport and productivity curvature parameters   , A t bb . A 
sufficient condition for  1 w >  and   /0 X An ¶¶> %  is   0 A t bb +> , i.e. effective productivity of 
exports rises with the index i.  Note that, even if the ordering of transport costs and productivity 
across goods are reversed ( 0 0, A t bb > < ), the sum  A t bb + is still positive and  1 w > as long 
as 0 A t bb >-> . 
Substituting (25) into (24) implies that the price of home country exports may be 
expressed (where we again suppress the dependence on the exogenous productivity parameters in 
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Comparison of (20) and (22) with (25) and (26) indicates that in the presence of transport costs  
XT AA < %% , implying 
*
HTHT PP < , i.e. the price to foreign residents of exported home goods is higher 
than the domestic price of the same goods at home.  It should be noted that as long as transport 
costs vary across goods, the difference between  and  XT AA %%  and hence 
* and  HTHT PP  is not 
constant and depends on n.  In the special case of no trade cost heterogeneity ( 0 t b = ), however, 
A ww =  and 
*
HTHT PP t a =  , i.e. aggregate domestic prices of traded goods are less than export 
sales by the constant factor  1 a < .  In the absence of any transport costs at all, all goods are traded 
( 0 n = ), implying  XT AAA == %%% , and  
*
HHTHT PPP ==.   
 
Marginal trading condition  
To help pin down the equilibrium share of nontraded goods note that at the margin the 
producers of the borderline nontraded--nontraded good must be indifferent between home and 
foreign sales. That is, the (real) operating profits from exporting the nth home good must equal 
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where the operating profits are defined as the export price minus marginal cost times the volume 
of sales to foreign residents. Note that real operating profits are expressed in terms of the price of 
the domestic consumption basket P.  We follow Ghironi and Melitz (2003) in assuming that firms 
employ domestic workers to cover the fixed costs. With  X f  measured in units of effective 
domestic labor, we define  / WP as the effective real wage rate of this labor and express these 
labor costs as ( ) / X WPf.
11 
Since the condition  ( ) ( )
1 **** /1/ HiHTHiHT cCnpP
f - -
=-  holds for all goods i in the 
range[,1] n , it can be used to substitute for 
*
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effective productivity of exports of the nth good, multiplying and dividing by
*
HT P , and   
substituting with (24) for 
*
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%             (28) 
Observe that export profits depend on the effective productivity of the nth good , [ ] X An , relative 
to the average of all exported goods,  [ ] X An % .  For given aggregate export sales 
**
HTHT PC , when no 
goods are traded ( 1 n = ), the marginal profitability of exporting is very high. As long as profits 
exceed the fixed costs of exporting, more goods will become traded and n declines.  As n falls, 
the relative productivity and profitability of the marginal exported good declines; in equilibrium 
                                                                 
 
11 In general, the effective labor employed to cover the fixed costs should depend on the productivity of the 
labor employed and the real wage rate should be scaled by this  level of productivity, which we can 
denote fX A .  fX A may be assumed exogenously given or related to productivity elsewhere in the economy, 
e.g.  % A , the average aggregate productivity level. We abstract from this issue by normalizing  fX A to 1.    15 
profits are reduced to just covering the fixed costs of the nth good entering into the foreign export 
market.
 12  
  
Labor market equilibrium 
Labor market equilibrium in the domestic country requires that labor employed in 
production of nontraded and traded home goods plus labor employed to cover the fixed costs of 
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12 This can be shown formally by defining per unit export profits  
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13 When all home goods are nontraded, i.e. n = 1, then no labor is employed to cover fixed costs of 
exporting.    16 
Using (14) and (17) in turn to substitute for 
* , HiHi pp and evaluating gives the following 
expression for the domestic wage as a function of domestic and foreign demand for the home 
good as well as the nontraded goods share and the productivity parameters: 
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Substituting next with (16) and (25) for the definitions of   [ ] , X AAn %%  
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Substituting for 
* , HHT PP with (6), (24) and canceling terms gives  
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i.e. the domestic wage bill --  net of wages paid for workers employed in covering fixed costs, 
(1) X Wn f -  -- is proportional to the value of home goods consumed domestically or exported, 
with the proportionality constant equal to 1 minus the profit rate 1/f .   
 
Closing the model  
We close the model with the balanced trade condition that the value of exports equals the 
value of imports   
**
HTHTFTFT PCPC =                 (31)   17 
and the normalization condition
14  
* 1 P =                     (32) 
Equilibrium determines the 24 variables  ,,,, HHNHTFT CCCCC ,,,,, HHNHTFT PPPPPW , 
andnand their foreign counterparts (denoted by *) by solving the system of 24 equations (1), (2), 
(3a), (3b), (4)-(6), (17)-(18), (28), and (30) plus their foreign counterparts, together with (31) and 
(32) . 
 
3. Analysis  
In this section we develop analytic and simulation results of the model. 
 
a) Heterogeneity and nontradedness 
  A key feature of the model is the similarity of the effects of heterogeneity in terms of  
iceberg trade costs and that in terms of productivities. This is most clearly true with regard to the 
decision of whether to export a good, as summarized in marginal trading equation (28). In this 
equation, the good-specific trade cost term and technology appear only as a product, 
[ ] ( ) 1 Xii AiA t =- , so it is only the net effect of the two terms that matters for the relative 
ranking of varieties in terms of their tradability. For example, even if a good i is more costly to 
trade than a good j,  i t >  j t , good i nevertheless can be more tradable if it has a sufficiently high 
level of productivity so that  [ ] [ ] XX AiAj > . Conversely, there may be also some highly 
productive goods that nevertheless will probably never be traded, because they have particularly 
high good-specific transport costs.  
  To understand the determinants of each country’s share of nontradable goods n, we use  
the marginal trading condition (28) and the definitions of  the effective productivity for good i 
[ ] X Ai and the average  effective productivity of all exported goods  [ ] X An %  (see expression (25)) 
to define per unit export profits  
                                                                 
14 An alternative normalization is 
* 1 W = .   18 
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   (33) 
 
where (recall)  ( ) 1(1)1 A t wbbf ”-+->  if  0 A t bb +> . Evaluating partial derivatives 
establishes   /0,/0 XnX w ¶¶>¶¶< if   0,1 A t bbw +>> ,  i.e. unit export profits increase as the 
size of the nontraded sector increases  (tradable goods sector declines) and decrease the  more 
rapidly productivity rises and transport costs fall for tradable goods.
15  Note that neither  A a  nor  
t a  enter into (33), since balanced changes in productivity or transport costs have no differential 
effect on the profitability of exporting the marginally nontraded good.  
With (33), we may rewrite (28) as   
        [ ]
** ; HTHTX XnPCWf w =  
Comparison of (28) and the foreign counterpart (28* in the appendix)  indicates that X [.]  has 
exactly the same functional form for both countries and differs across countries only if the values 
of the functional arguments  , n w differ.
16  We make use of this property together with the 
balanced trade condition (31)-- 
**
HTHTFTFT PCPC =  -- to obtain  








+- +- Øø Øø
Œœ Œœ ºßºß =          (34) 
where  ( )
*** 1(1) A t wbbf ”-+-  and partial derivative signs are indicated for the case 
* 1,1 ww >> . 
For purposes of illustration, assume that the fixed export costs across countries are equal 
in wage terms, i.e. 
**
XX WfWf = . It follows that 
     
** ;; XnXn ww
+- +- Øø Øø = Œœ Œœ ºß ºß
             
                                                                 
15The condition for  /0 Xn ¶¶>is equivalent to that for which   0 / X An > ¶¶ % , i.e.  1 w >  . It can also be 
shown that X declines as the elasticity of substitution f increases. 
16 We abstract from the possibility that the parameters 
* , llcan differ as well.    19 
 The immediate implication is that the size of the nontraded goods sector will be the same across 
countries if the net degree of heterogeneity in effective productivity is the same across countries, 
i.e.  
**
AA tt bbbb +=+  implies  
* ww =  and  
* nn = .  Correspondingly, nontraded good shares 
differs across countries if the effective productivity differs, i.e. 
**
AA tt bbbb +„+ implies 
* nn „ . 
Moreover, it is easily determined through the properties of   [.] X  that 
** ,0 AA tt bbbb >=>  
implies 
* ww >  and 
* nn > ,  i.e. if the domestic country’s elasticity of productivity exceeds that 
of the foreign country , the relatively larger is the share of its goods that are nontradable.  
  To understand this result, recall from condition (28) that the producer of a home variety i 
considers the productivity of his good relative to the average of all other exported home varieties 
in making the decision of whether to export.  The firm knows that, for a given overall level of 
foreign demand for home goods, if its home competitors in the foreign market are much more 
productive and hence have a much lower price, much of that foreign demand will not be directed 
toward its own good. So even if the marginal cost of exporting can be covered on a per-good 
basis, a small volume of exports of good i may mean that the fixed costs of exporting cannot be 
covered. This logic indicates that when there is an increase in the degree of heterogeneity among 
a country’s goods, this will tend to induce a greater degree of specialization in trade, and a 
smaller number of varieties will be needed  to be exported to maintain trade balance.  
  The analysis of heterogeneity above makes clear the parallel effects of heterogeneity in 
terms of productivities and trade costs.  Since it is the sum  A t bb +  that determines the ratio of 
nontradeds, a greater degree of heterogeneity among a country’s goods, either in terms of 
productivity or iceberg costs, may induce a greater degree of specialization in trade and shrink the 
number of varieties traded.  
 
b) Heterogeneity and the real exchange rate  
  While iceberg costs and productivities have identical effects on the nontraded good 
margin, as shown above, it would be a mistake to assume that these two sources of heterogeneity 
are in all ways identical.  They have very different implications when it comes to relative prices. 
Transport costs only come into play when goods are exported, so while technology heterogeneity 
generates heterogeneity in the prices and hence production of goods sold at home, transport cost   20 
heterogeneity has no effect here. One implication of this is that if one wishes to explain why the 
law of one prices fails to differing degrees among traded goods, that is, why prices of a good are 
different in different national markets, one needs heterogeneity in transport costs, as 
heterogeneity in technology affects both domestic and export prices alike under standard 
monopolistic competition pricing rules.  Another implication, one which is striking and which 
will be developed at length below, is that while increasing technological heterogeneity will tend 
to have strong impacts on the real exchange rate, an increase in transport cost heterogeneity will 
not, as it implies counteracting effects which tend to offset each other. 
  It is straightforward to see that the relation of relative prices in the model to relative 
productivity averages.  Equations (17) and (18) imply that the relative price of nontraded to trade 
home goods  
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%         (35) 
depends (inversely) on the average relative productivity of  firms producing traded and nontraded 
goods. It can be seen readily that the relative price of nontraded to traded goods depends on n 
through its effect on relative productivity in the two sectors: for  0,1 AA bw >> , an increase in n 
raises the productivity of traded goods ( /0 T An ¶¶> % )  implying the relative price of nontradables 
declines; the relative price is independent of wages (as well as the productivity scale parameter 
A a ) which affects the price of all home goods equally, leaving the relative price unaffected.   
  The terms of trade between home and foreign export goods -- the price of  home country 
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,                (36) 
is equal to the ratio of marginal costs of exporting in each country, which in turn depend on 
relative wages and (inversely) on the average effective productivity of exports in each country.  
For  0,1 A t bbw +>>  and 
*** 0,1 A t bbw +>>  an increase in the share of nontraded goods raises 
export productivity and lowers export prices in each country. Consequently, a ceteris paribus 
increase in n reduces the domestic country’s terms of trade.   21 
We next develop insight into the determinants of the real exchange rate in the model.  
The allocation conditions (9) and (9* in the appendix) imply 
( )( ) ( )( ) ( )




Combining with the balanced trade condition (29) and defining the real exchange rate as 
* / PP 
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                (37) 
i.e. the real exchange rate depreciates (assuming  1 g > ) in response to a rise  in the terms of trade 
* / HTFT PP  and/or rise  in relative domestic consumption 
* / CC in order to maintain the trade 
balance.  
An alternative expression for the real exchange rate is obtained by using (23), (26), (23*), 
(26*) to substitute for
** ,,, HHTFFT PPPP, respectively in the definitions of 
* , PP  given by (5), (5*) 
( ) ( )
( ) ( )
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          (38) 
where we have suppressed the notation indicating the productivity average variables are functions 
of 
* , nn as well as the exogenous productivity distribution parameters. For simplicity, we assume 
there is no own-goods bias ( 1/2 q = ) in the discussion below.   
As a benchmark, consider first the case in which there are no transport costs at all: 
*** 1,0,0 XX ff tttt aabb ====== . It follows that all goods are traded in the steady state               
( 
* 0 nn == ), implying 
*** , XTXT AAAAAA ==== %%%%%% :  
( ) ( )
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   22 
and hence that trade equalizes consumption price levels across countries.
17   
In the more general case with transport costs (but still assuming  1/2 q = ), we rewrite 
(38) as  
1 *
* 1
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          (39) 
In this form, we see that the domestic country experiences a real appreciation  ( * / PP 
rises) in response to a ceteris paribus increase in the wage-adjusted effective productivity of its 
exports  / X AW % . The logic behind this result is similar to that behind the standard Balassa-
Samuelson result of real appreciation in response to a relative increase in the productivity of 
tradables. Conversely, consider a ceteris paribus increase in  / AW % , holding  / X AW %  constant. 
Such a productivity change amounts to a productivity improvement biased towards nontradable 
goods and is associated with a real depreciation (fall in  * / PP) 
In general, the reduced form response of the real exchange to productivity changes 
depends on the relative wage change and the endogenous adjustment of tradability of goods. 
Further insight can be obtained by assuming Cobb-Douglas preferences over domestic and 
foreign goods ( 1 g = )
18.   The analogue expression for the real exchange rate is then 
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where the notation reflects the dependence of productivity averages on the parameters of the 
productivity distribution as well as the share of nontraded goods.  In the case that  1/2 q =  and 










￿￿￿￿ Øø ºß ￿￿￿￿ =
￿￿￿￿ ØøØø ºßºß ŁłŁł
% %
%%  
                                                                 
17 In the presence of proportional trade costs affecting all goods equally, 
** 1,1,0 tttt aabb <<== , then 
* ** , XTXT AAAA aa == %%%%    23 
In this case the real exchange rate is independent of relative wages since with Cobb- 
Douglas preferences each country always spends the same amount on consumption. As in the 
more general case, the real exchange rate appreciates if export sector productivity rises relative to 
the economy average , i.e.  / X AA %%  rises.  
Consider an increase in  A b  which biases productivity increases towards export goods 
relative to the economy average, holding the foreign productivity parameters constant. This effect 
alone would tend to raise the real exchange rate in the condition above: while the rise in 
productivity raises the average for all goods  A %  as well as the average for exported goods  X A %  
alone, by construction it raises the latter more. Further, from the discussion in the previous 
section (see eqn. (34), we know an increase in  A b  that raises 
* ww >  will tend to raise n relative 
to 
* n .
19 This means that the least productive of the traded goods are cut from that group, inducing 
an even greater change in  X A %  relative to  A % ,  and thus an even larger increase in the real exchange 
rate. Hence endogenous changes in nontradability magnify the effect of productivity changes on 
the real exchange rate.  
Consider next the case of a rise in transport cost heterogeneity;  in particular, suppose a 
rise in  t b  which raises iceberg costs for all home goods, but in a biased way concentrated on 
those goods already with large costs  (through an accompanying decline in  t a ). As in the case of 
a higher  A b , the rise in  t b  will raise 
* ww >  and will tend to raise n relative to 
* n  (see (34) 
again), implying specialization in fewer traded varieties in Home rather than the foreign country.    
Since trade is being concentrated on more productive goods, this endogenous change in n also 
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19 From (34) we see that the relation between 
* , ww and 
* , nn depends also on relative wages.  To see that 
this does not affect the logic in the text, note that with Cobb-Douglas preferences over domestic and 
foreign goods and balanced trade, 













 (see (30) and (30*).  Hence 
with equal fixed export costs (
*
XX ff = ) and labor supplies ( HF LLL == ) across countries, (34) then 
reduces to  ( ) ( )
*** ;(1);(1) XX XnLnfXnLnf ww
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**** , nnnn wwww =«=>ﬁ> .   24 
will tend to increase  X A %  relative to  A %  and raise the real exchange rate as well. However, greater 
transport cost heterogeneity has an additional, counteracting effect on productivity.  In particular, 
since a change in transport costs will only affect the average effective productivity among 
exports,  X A %  in the numerator, and not the average of home goods sold at home,  A %  in the 
denominator, the rise in transport cost will also tend to lower  X A %  relative to  A % . This will work 
against the rise in the real exchange rate. This result indicates that the two types of heterogeneity 
will tend to have very different effects on the real exchange rate: greater heterogeneity in 
productivities leads to a larger relative price increase than does greater heterogeneity in transport 
costs.    
We can get a better sense for these results by considering simulations below. These also 
will allow us to draw conclusions without imposing the simplifying assumptions used above, 
such as Cobb-Douglas preferences or identical fixed costs across countries. 
 
c) Simulations: implications for Balassa-Samuelson 
  As described by the classic theory of Balassa (1964) and Samuelson (1964), it has been 
observed that richer countries tend to have appreciated real exchange rates, and one popular way 
of explaining this phenomenon is through heterogeneous productivity change. In the standard 
Balassa-Samuelson approach, it is assumed that some goods exogenously are traded and others 
are nontraded. If the traded goods experience greater productivity than the nontraded goods, then 
this will generate an appreciation in the country’s real exchange rate. 
  The standard Balassa-Samuelson story of course differs greatly with the model presented 
here. Our model does not exogenously group goods into one of two categories, where technology 
shocks differ by the two categories. Instead there is a continuous distribution of goods in terms of 
trade cost and productivity heterogeneity. In this sense, the theory here may be viewed as a 
generalization of the Balassa-Samuelson theorem. Further, the share of goods that are nontraded 
is taken to be endogenously determined, where goods may switch between categories 
endogenously depending on economic circumstances. Both these factors play a role in changing 
the behavior of the real exchange rate in our model. 
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  To complement the analytic results presented in the preceding section, we now consider 
several simulation experiments to illustrate further how the distribution of trade costs may 
interact with the distribution of productivities to deliver contrasting implications for the real 
exchange rate.  We will consider three sets of cases: (i) where the distribution of technology gains 
is positively related to the distribution of tradability in terms of transport costs, (ii) where the 
distributions are negatively related, and (iii) where the technology gains are evenly distributed 
over goods without regard to their tradability.  
  As a simple starting point for the experiments, suppose that the initial trade pattern is 
determined solely by the transport costs, that is, the goods that are nontraded are those goods with 
particularly high costs of being traded. We set  1 t b =  and  0.5 t a = , so that the fraction of 
exported goods that make it to market varies from 50% for the least tradable good, to 100% for 
the most tradable good. Figure 1 plots this initial distribution. Table 1 reports what happens when 
the overall average productivity level ( A % ) in the home country rises a constant amount, but 
where this is distributed differently over the range of varieties. The value of  A b  indicates the 
degree to which the productivity gains are biased toward goods with a high index, that is, goods 
that are highly tradable due to low iceberg transport costs.  Figure 2 shows the distribution of 
productivity gains for various values of  A b .  We set the increase in  A %  to be five-fold, as this 
allows us to consider a wide range of values for  A b , without implying that the productivity of 
individual goods at the low end of the distribution have productivity levels that fall. 
  For a value of  0 A b = , where the technology gain is evenly distributed over all home 
goods, we find that the real exchange rate depreciates. This is because under monopolistic 
competition, where goods prices are set as a constant markup over marginal cost, a rise in 
productivity that lowers cost means that prices of all varieties fall. While the rise in productivity 
raises the wage and hence labor costs, this is not sufficient to raise the marginal costs and hence 
prices. 
  If the productivity gains are sufficiently biased toward more tradable goods, we find that 
the real exchange rate does appreciate. This works through the basic mechanism described by 
Balassa and Samuelson. The rise in productivity raises the real wage for all goods. If this rise in 
wage is large enough to raise the costs of production for the average good in the home   26 
consumption bundle, despite any rise in productivity, then the overall price level in the home 
country will rise and with it the real exchange rate. Table 1 shows that once  A b  reaches 0.1, there 
is a small but positive Balassa-Samuelson effect, in which the real exchange rate appreciates. This 
effect grows as the productivity gains are progressively more biased toward goods with lower 
transport costs. For a value of  3 A b = , the real exchange rate appreciates 22 percent, which is 
almost a quarter of the rise in relative GDPs between the countries. This ratio compares well to 
empirical studies of long-run data, which suggest that during the post-war period, an average 
elasticity of the real exchange rate relative to relative output levels was around 0.25. (See Bergin, 
Glick, and Taylor, 2003.) 
  Finally, if the productivity gain is biased the other way, toward less tradable goods, as 
captured by a value of  A b  less than zero, we find progressively larger negative Balassa-
Samuelson effects, with the value of the real exchange rate depreciating.  
  An important feature in our model is that we allow the share of nontraded goods to be 
determined endogenously. This feature turns out to play an important role in amplifying Balassa-
Samuelson effects. Table 2 repeats the experiments of raising productivities from table 1, but 
holding the share of nontraded goods fixed. This amounts to removing the marginal trading 
conditions (28 and 28*), and replacing them with an exogenous determination of nand 
* n , 
pinning them at the steady state value found in Table 1.  For large values of  A b , the positive 
percentage change on the real exchange rate is about half of what it was in Table 1.   It appears 
that endogenizing the distinction between traded and nontraded goods here tends to double the 
size of the Balassa-Samuelson effect. Further, for low or negative levels of  A b , the cases with 
exogenous nontraded goods show a much greater tendency for the real exchange ate to fall rather 
than rise.  An even distribution of technology gains now makes the real exchange rate fall twice 
as much. We conclude that endogenizing this aspect of the trade pattern strongly amplifies the 
Balassa-Samuelson effect and makes it more likely to arise. This confirms the analytical solution 
in the previous section, and shows that it is quantitatively important.
 20 
                                                                 
20 Ghironi and Melitz (2003) also show that the relative price response to a domestic (aggregate) 
productivity shock is larger with endogenously determined entry and tradability, but only when re-
weighting consumption price indices to exclude the variety effects of the increased number of firms   27 
  A final experiment is to consider what happens if we increase the heterogeneity of trade 
costs which underlie the initial trade pattern. In other words, we consider what happens if we alter 
the degree of the distinction between traded and nontraded goods, an experiment which Balassa 
and Samuelson could not consider in their frameworks, where the distinction between goods was 
exogenously given and not a matter of degrees. We now change  t a  from 0.5 to 0.25, and  t b  
from 1 to 2.
21 Figure 1 shows the new distribution of 1 t - , the fraction of goods shipped that 
make it to market; compared to the benchmark case, this fraction is now lower and iceberg costs 
are higher for each good i. Table 3 shows the implications for the same set of productivity 
changes considered in Table 1 previously.  Across the board, the Balassa-Samuelson effect is a 
bit smaller. This may seem puzzling, since the Balassa-Samuelson effect relies upon a distinction 
between traded and nontraded goods, a distinction which has been amplified here. However, there 
are several factors at work here. One thing to note is that the initial share of nontraded goods is 
higher under the new distribution of transport costs. This results from the fact that the average 
level of iceberg cost is now higher for all goods (1 t -  is lower).  But in addition, the greater 
concentration of trade costs in those goods already with large costs works (through the 
accompanying decline in  t a ) to lower the average effective productivity of exports and hence to 
dampen the appreciation of the real exchange rate. . 
 
4. Conclusion 
  This paper shows how heterogeneity in trade costs and heterogeneity in productivities 
work together to determine features of the pattern of international trade. This is demonstrated in a 
general equilibrium macroeconomic model, where the status of a good as traded or nontraded is 
endogenous. The interaction of these two factors is found to be important for understanding 
behavior of the real exchange rate. For example, the Balassa-Samuelson effect, in which richer 
countries tend to have more appreciated real exchange rates,  will tend to be stronger the more 
negatively related are trade costs and productivity distributions. Further, the magnitude of the 
                                                                                                                                                                                                 
entering into the market. In our model we abstract from these variety effects by assuming that the mass of 
the continuum of firms producing in each country is exogenous.   
21 Note that for both distributions  0 i t =  for the last good in the continuum ( 1 i = ), assuming  1 l = .   28 
Balassa-Samuelson effect is found in simulations to double when one allows the distinction 
between traded and nontraded goods to evolve endogenously in response to productivity shocks. 
 
References 
Anderson, James, and Eric van Wincoop, 2003. “Trade Costs.” University of Virginia Working 
paper. 
 
Balassa, Bela, 1964. “The Purchasing Power Parity Doctrine: A Reappraisal,” Journal of Political 
Economy 72, 584-596. 
 
Bernard, Andrew B. and J. Bradford Jensen, 2001. “Why Some Firms Export,” NBER Working 
Paper 8394. 
 
Betts, Caroline and Timothy Kehoe, 2001a. “Real Exchange Rate Movements and the Relative 
Price of Nontraded Goods,” Federal Reserve Bank of Minneapolis Staff Report. 
 
________, 2001b. “Tradability of Goods and Real Exchange Rate Fluctuations,” Federal Reserve 
Bank of Minneapolis Staff Report. 
 
Corsetti, Giancarlo and Paolo Pesenti, 2001. “Welfare and Macroeconomic Interdependence,” 
Quarterly Journal of Economics 116, 421-445. 
 
Bergin, Paul R. and Reuven Glick, 2003, “Endogenous Nontradability and Macroeconomic 
Implications.” NBER Working Paper #9739. 
 
Bergin, Glick and Taylor, 2003. “Productivity, Tradability, and the Great Divergence.” U.C. 
Davis working paper. 
 
Dornbusch, Rudiger, Stanley Fisher and Paul A. Samuelson, 1977. “Comparative Advantage, 
Trade, and Payments in a Ricardian Model with a Continuum of Goods,” The American 
Economic Review 67, 823-839. 
 
Ghironi, Fabio and Marc Melitz, 2003. “International Trade and Macroeconomic Dynamics with 
Heterogeneous Firms.” Harvard University working paper. 
 
Hummels, David, 1999.  “Toward a Geography of Trade Costs,” working paper, Purdue University.  
 
_______, 2001. “Time as a Trade Barrier,” working paper, Purdue University.  
 
Melitz, Marc, 2003. “The Impact of Trade on Intra-Industsry Reallocations and Aggregatre 
Industry Productivity.” Econometrica 71, 1695-1726  
 
Obstfeld, Maurice and Kenneth Rogoff, 2000. “The Six Major Puzzles in International 
Macroeconomics: Is there a Common Cause?” in Ben Bernanke and Kenneth Rogoff eds. 
NBER Macroeconomics Annual, Cambridge: MIT press, 339-390. 
   29 
Samuelson, Paul A., 1964. “Theoretical Notes on Trade Problems,” The Review of Economics 
and Statistics 46, 145-154. 
  
   30 
Appendix: Foreign Counterparts to Home Country Equations 
In this appendix we list the foreign equation counterparts to the equations described in the text for 
the Home country. The equation numbering is identical, but with * appended.  
 
Aggregate consumption of foreign residents
* C  is an aggregate of its own good 
*
F C  and imports 
of the home country’s traded good 
*
HT C : 
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Foreign country consumption of its own-produced good 
*
F C  is an index of nontraded (
*
FN C ) and 
traded (
*
FT C ) foreign goods:  
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The aggregate foreign price level 
* P  is an index of the price of the foreign good 
*
F P  and the 
foreign price (to foreign residents) of the imported home good 
*
HT P : 
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where 
*
F P  is an index of nontraded and traded foreign goods: 
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Relative consumption demands for the foreign good are: 
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Production function for the foreign good: 
 
*
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where 
Fi l denotes workers employed in foreign production and 
*
i A  is the productivity coefficients 
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where 
* W denotes the foreign wage rate. Distributions of technology and iceberg transport cost: 
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Average (weighted) foreign productivity is   
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and the price of foreign good to Home residents:   32 
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*** 1(1) A t wbbf ”-+- .  By analogy to the derivation of (23) for home 
goods, note that (6*), (21*), (22*) imply   

















- ￿￿ ￿￿￿￿ ￿￿ Øø =+-= ￿￿ ￿￿￿￿ ￿￿ ￿Œœ￿ -- ºß Łł ŁłŁł Łł
%        (23*) 
















- Øø ￿￿ Øø ￿￿ ￿￿ ºß Œœ ￿￿ = ￿￿ ￿￿ Œœ ￿￿ - Łł Øø Łł ºß Łł Œœ ºß
          (28*) 
Labor market clearing condition in foreign country: 
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Table 1: Benchmark case 
             
   
 (1)  (2)  (3)  (4)  (5)  (6) 












  (2)/(3) 
 
                 initial values before productivity increase: 
 
--   1  1  1  0.55  -- 
 
 
                 percent changes after productivity increase: 
 
 -1  -18.35  64.58  68.40  -33.28  -0.284 
 
  -0.1  -2.97  80.47  71.54  22.11  -0.037 
 
  0  -1.37  81.58  71.94  25.23  -0.017 
 
 0.1  0.17  82.61  72.32  28.09  0.002 
 
 0.5  5.60  86.03  73.60  37.54  0.065 
 
  1  10.85  89.10  74.73  46.27  0.122 
   
 1.5  14.78  91.30  75.50  52.84  0.162 
 
  3  22.36  95.33  76.83  65.68  0.235 
 
   
Benchmark parameter values:  6,0.5,1.5,f0.1,0.5,1,1 X tt fqgabl ======= , 
* 1 A b = , other 
foreign parameters are same as domestic equivalents.  Computed for technology shocks  A b  that raise 
A % from 1 to 5;  A a  set for each case of  A b  to ensure this holds true.    34 
 
Table 2: Exogenous share of nontradeds 
             
   
 (1)  (2)  (3)  (4)  (5)  (6) 
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                 initial values before productivity increase: 
 
--   1  1  1  0.55  -- 
 
 
                 percent changes after productivity increase: 
 
 -1  -18.70  68.87  66.09  0  -0.272 
 
  -0.1  -4.09  76.85  72.13  0  -0.053 
 
  0  -2.78  77.54  72.61  0  -0.036 
 
 0.1  -1.55  78.18  73.05  0  -0.020 
 
 0.5  2.54  80.35  74.47  0  0.032 
 
  1  6.01  82.32  75.61  0  0.073 
   
 1.5  8.19  83.73  76.30  0  0.098 
 
  3  11.21  86.24  77.22  0  0.130 
 
   
Benchmark parameter values:  6,0.5,1.5,f0.1,0.5,1,1 X tt fqgabl ======= , 
* 1 A b = , other 
foreign parameters are same as domestic equivalents.  Computed for technology shocks  A b  
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Table 3: Increased Transport Cost Heterogeneity( 2 t b = ) 
             
   
 (1)  (2)  (3)  (4)  (5)  (6) 












  (2)/(3) 
 
                 initial values before productivity increase: 
 
--   1  1  1  0.67  -- 
 
                 percent changes after productivity increase: 
 
 -1  -21.57  69.36  65.99  -3.47  -0.311 
 
  -0.1  -3.97  82.73  72.60  10.97  -0.048 
 
  0  -2.25  83.85  73.16  12.13  -0.027 
 
 0.1  -0.61  84.90  73.67  13.23  0.007 
 
 0.5  5.20  88.46  75.39  17.08  0.059 
 
  1  10.79  91.77  76.89  20.96  0.118 
   
 1.5  14.98  94.21  77.90  24.09  0.159 
 
  3  23.08  98.84  79.65  30.74  0.233 
 
   
Benchmark parameter values:  6,0.5,1.5,f0.1,0.25,2,1 X tt fqgabl ======= , 
* 1 A b = , other 
foreign parameters are same as domestic equivalents.  Computed for technology shocks  A b . 


























Fig. 1: Distribution of Trade Costs: 
Fraction of goods that make it to export market (1-ti ) 
good index (i ) 
1-ti 
Benchmark distribution 
(bt=1, at=0.5)  
 
Alternative distribution 
(bt=2, at=0.25)  






            Note: A a  is set for each case of  A b  to ensure a constant average level of technology 








Fig. 2: Distribution of Productivity (Ai): 
Ai 
good index (i ) 
bA=0  
 
bA=0.5  
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